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(57) Attract 

Jxsw-maSs implants, for example bydrogea and lie- 
hum ions, are used m pl&cc of mote typical dopunfe like 
boron, phosphorus, ano arsenic for testing mo pejflorrnance 

of ion imp lancers. Consistency between ion implantanon 
test runs wuh me low-mass ions may be used to provide 
inforroauon apout uV proper operation of Ion iniplantro. 
i^wer-mass ion* do not trwsfcr a? much of their energy 
10 the wafer a» heavier ion*. Conacqyemly. nigp energy 
*on nnptantauons *nb low-roas» ton& do not repair wafer 
surface damage » me same degree as ion implantanom 
with mglwna*s ion*- When sufficient surface dam*»gp ex- 
ists, a thermowave tool can detect the (btmagc and provide 
infonoabon about <be performance of the «on implant** 
Tins or ter min at i on am be made in a one-ttep roccftoa. 
An additional advantage CD implanting the test wafers with 
low-mass ions is being able to reuse the wafer* for wW 
qucql lest run*- When |o*-maw» impUmtti ore u&cd (wch 
as hyarogen and nelroni), a thermal anneal subsequent to 
the «on implanianon can repair an/ damage ro tbe cryv 
tal and at the *ame tune dissociate tbe low-m«w dopant* 
from tnc silicon crystal Tbe crystal Is returned in its orig- 
inal condition after the escape of the lov^-ma** dopants, if 
leusabilw is tbe higbost priority, silicon ion* may be used 
as me test tpeclc*. implanted silicon tons can cause mca- 
Mirable dainap; io the surfecc of the wafer. A calibration 
state of the ion impientcr may tbco be determined by ex- 
*rnmmg the surface damage. A subsequent thermal anneal 
can repair the damage io me surface aitf return the cry*ud 
to its Original State. 
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TTO-H: Method for Monitoring the Performance of an Jon Unpianter Using Reusable Wafers 

BACKGROUND OF THE INVENTION 

5 I. Field of the invention 

This invention relates to the field of semiconductor processing ana, more particularly, to a method and 
apparatus caul monitor t&e performance of an ion implantcr ro ensure its calibranoru 

2. Description of Relevant Art 

10 Fabrication of a rnnai-oxxdc-scnuconducTOr CMOS") transistor is well-known, Fabrication typically 

begins by tightly doping a single-crystal silicon substrate n-rype or p-rype. The specific area where die 
transistor >vill be formed is then isolated from other areas on the substrate using various isolation structures, a 
gate dielectric ts men typically formed by oxidoing the silicon substrate. A gate conductor is then patterned 
using a photolithography mask from a Uy«r of palyc*y$nuj,ne silicon C**poly"h«on") deposited upon she gate 

J 5 diejecmc. The polysihcon is rendered conductive with the introduction of ions from an implaotcr or a diffusion 

furnace Subsc«n*cntiy . source and dram regions arc doped wuh 3 high-dose n-iype or p-typc dopant. If the 
source and drew regions are doped n-rype. the nansiscor is referred to as MMOS, and if the source and dram 
regions are doped p-typc, the transistor is referred to as PMOS. A channel region between mc source and the 
drain is protected from die implant species by the pre-existing gate conductor When voltage above a certain 

20 threshold is applied to the gate of an enhancement-mode transistor, die channel between the source and dram 

becomes conductive and the transistor turns on. 

The amount of dopants introduced into the source and drain regions and the poly sihcon gate conductor 
of a transistor arc cnucal to the performance of the device Chemical diffusion is one method currently used to 
uuroouce dopants into semiconductors. Diffusion is the process by which a species moves as a result of the 

25 presence of a chemical harrier a typical diffusion system consists of a heating element, diffusion tube, and 

dopant delivery system. The dopant sources can be gaseous (the most common), liquid (bubbler or sptrt-on), or 
sohd (tablet, powder, or disK) Many wafers can be doped al the same nme using chemical diffusion. However, 
cncmicaj diffusion does not have good control over the amount of dopants introduced into the wafers and the 
location of where the dopants are introduced. 

30 During the past 25 years, ioq implantation has become the preferred technology for inrrooucing 

dopant* into target material* u*ed m semiconductor processing Ion implantation 1* a process in which 
energetic, charged atoms or molecules are accelerated by an ion unplanter and then directed toward the 
semiconductor substrate Acceleration energies can range from 10 JceV to several MeV for high-energy implant 
systems. 

35 F*g. I shows a schematic of an ion iraplawcr. Ion source 10 ionizes the species to be implanted to 

form * plasma at low pressure, typically 10-3 torr. A voltage difference m the range of 1 5-40 kV * then applied 
between ion source 10 and plates 12 to extract and accelerate the ions which now form beam 14. Beam 14 is 
subsequently routed through analyzing device 1 6, typically a magnet, which spatially separates the beam 
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according to me ionic mass of ix? cortstituents The analyzer directs only ions with a specific mass toward me 

target while in^ unties with different iqok masses axe disposed elsewhere. 

Acceleration Tube i 8 creates an acceleration field to toner increase ihe ion energy to the dewed 

energy level Tube 1 8 may also be used io decelerate the ions if The desired implantation energy is less Than the 
5 extracted energy. Focusing ring 20 is used to focus ifce beam into a nbpon or round shape depending on the 

applicanon. Flares 22 separate our any neutral components of the beam as a result, neutral beam 24 is 

unaffected by plates 22 and is separated from ion beam 26 which is bent toward wafer targe; 28. Neutral beam 

24 w stopped by target 30. 

Scanner plates 32 (x-axis) ana 34 (y-axis) are responsible for controlling the position of ihe ion beam 
10 over die surface of the wafer. By applying the appropriate timing control sequence to the plates, the whole 

wafer may be scanned by the ion beam The timing control sequence applied to the places is such to ensure a 

uniform dopant distribution across the entire surface of the wafer. 

Ion implantation has the ability to precisely control the number of implanted dopant atoms into 

subrfrates to within 3%. For dopant control in the 1014-1018 amms/cm3 range, ton implantation is clearly 
15 superior ro chemical diffusion techniques. Mass separanon by the ion implanter ensures a very pure aopant. 

Ion implantation is used throughout the semiconductor manufacturing process. Low nose (lQl 1-1012 

ions/cm3) ion implantation can be used to adjust the threshold voltage of transistors by implanting the channel 

region to change its doping concentration.. Ions can be introduced into me semiconductor substrate ro create 

the source and dram regions of Transistors The pojysilicon gaic structure of a transistor may also be doped to 
20 become conducuve at the same nme me source and the drain are doped. Ion implants can be used to increase 

the threshold voltage of parasitic Transistors in order to mmuniac the probabiUty of a turn-on of such a 

transistor* 

Heavy doping with an ion implanter can be used to alter the eicft chariicterisiics of materials for 
patterning- The implantation may be performed through materials that may already be in place while other 

25 materials may be used as masks to create specific doping profiles. Furthermore, more than one type of dopanxs 

may be implanted at the same rime and at the same posmon on die wafer. Other advantages include the fact that 
ion implantation may b; performed at low temperature which docs not harm photoresist and in high vacuum 
which provides a clean environment. 

It is mrponant to monitor the performance of the ion rmplantcr to ensure that me correct amount of 

30 dose is implanted into each wafer and that the implanter remains calibrated between ion imp l antations. In many 

instances, monitor and test wafers arc exposed to ihe implanter pnor to exposing actual product wafers. These 
test wafers are either void of device structures or have arrays of test structures designed far measuring the 
parameters of interest 

The four-point sheet resistance method is the most commonly used technique for measuring 
35 implantation dosages because of its versatility- A rapid thermal anneal ("BTA") step must fust follow rne ion 

implantation step in orqer to diffuse and activate the implanted ions in addition, the RTa step repairs any 
damage to the crystal structure that occurred during the ion implantation step. An RTA process is typically 
performed at 420-1 150° C and lasts anywhere from a few seconds to a tew minutes, i-arge area incoherent 
energy sources ensure uniform heating of the wafers io avoid warp age. Various heat sources are utilized, 

2 

SUBSTITUTE SHEET (RULE 28) 

PAGE 28/82 * RCVD AT 9/16/2004 5:36:52 PM [Eastern Daylight Time] * SVR:USPTO€FXRF-3/24 * DNB:2731882 * CSID: * DURATION (mm-ss):2$44 



09-16-04 



05:48pm From- 



T-513 P. 29/82 F-294 



WO 99/08307 



FCT/US9S/068S8 



10 



IS 



20 



25 



30 



including arc lamps, trmgsttnvbalogcn lamps, and resisrrvely-neaicd slotted graphic sheets, Mo^heaungis 
performed in inert atmospheres (argon or aitrogeo) or vacuum, although oxygen or ammonia for growth of 
silicon dioxide and «u~cuu nitride may be introduced into the RTA chamber, Toe resistance measurements 
using four co-linear probes follow the focrrual anneal Currem is introduced by the- two outer probes w hik the 
two inner probes measure the volrage drop. Doses ranging from 101i-]0i6ionfi/cm2canbtf measured using 
d* four-point sheet reactance method. 

The four-point sheet resistance method is relatively time consuming since it involves a two-step 
process (annealing and measuring resistance), which can reduce me overall wafer throughput- Furthermore, the 
mterme4iaie anneal step is an additional variable in the process of dexcrmuung me consistency and calibration 
of me ion unplantfT- A moierehablc, one-step method for examining the performance of an ion implamcr is 
me mennawttve rneifiod- A. therms wave measures the damage mat the implant causes ro me upper surface of 
the wafer. An argon pump laser is directed toward the surface of me wafer ro generate a thermal and elecrron- 
hole plasma waves, a HeNe probe laser measures the change m reflecrivjry induced by the argon laser ai a 
second posiuon on we surface of the wafer. The reflectivity is i ndi c at ive of the damage on the surface due m 
me ion ixnplauranon- 

Typical surface damage on a wafer is shown in Figs. 2a and 2b Wafer 40 is implanted with ions 42 10 
form doped region 44 aear me upper surfcee of wafer 40. Expanded view 46 shows a dcuuled WW of the 
arrangement of atoms dose to me surface. Sihcon atoms are shown by hollow circles (o) and dopant atoms by 
solid circles (0* Silicon acorns are shown displaced, and in some cases replaced, by dopant atoms. Popanr 
aroma are either m places of silicon atoms or in between tbetn. 

as me nnplftntarion energy increases, the additional energy provided begins to repair the surface 
damage. As a result, for high energy unplauia, the damage to the wafer surface is nor enough to be measured by 
me mermawave method- Fig- 3 shows the resulting damage to a wafer surface from a high energy implant. 
Wafer 50 is implanted wim high energy ions 52 m form doped region 54 near the upper surface. Expanded 
view 56 shows a detailed view of me arrangement of atoms close to die surface. Most of me damage caused by 
the high energy ions is repaired due to additional energy provided to the wafer. 

Independent of the method used to monitor me implanranon dosage, the test wafers arc not reusable. 
Alter the first imp lant a tion, a new set of wafers must be used. Replacing me resi wafers after every set of 
measuTcroctus can be very costly. 

It would be d>sirablc to nave a one-step metboc: to monitor me performance of the ion implamer. A 
one-step method introduces no additional variables that could affect me implanted ions and thus provides a 
more accurate information on the performance of the ion mmlannrr. It would also be desirable to have a one- 
step method which c an monitor the performance of the ion mmlanier for low, medium, and high implantation 
energies. It would ao^TOona}ly be desirable to be able ro reuse test wafers for more man just one ion unplanicr 
test. 



3 
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SUMMARY OF THE INVENTION 

Catoraaon of toe ioa unplanter may accomplished with test spec:*, other man the one:* typically used 
for the ion implantation of product wafers Low mass ions, for example hydrogen and helium ions, may be 
uj>cd in place of more typical dopants hkc boron, phosphorus and arsenic for testing the performance of ihe ion 
imphmter. The amount of energy gamed by an ion m an accelerating potential depends only on the <on's charge 
and is independent of the ion's mass. Consistency between test ion unptantauons wnh the low mass ions may 
be used to provide information about the proper operation of the ion implanter. 

Lower-mass ions do not transfer as much of dicir energy to the wafer as heavier ions. Consequently, 
high energy ion unpiau rations wnh low-mass ions do not repair wafer surface damage to the same degree a* ion 
unpianianous with high-mass tons When sufficient surface damage exists, a tbcrrnawave tool can detect the 
surface carnage ana provjde mformauon about the performance of the ion implanter This defcrrrunanon can be 
made in a one-step process. 

An additional advantage » implanting the test wafers with Jow-mass ton* is being able to reuse the 
15 wafers for subsequent test runs Typically, me test wafers are discarded after every test run since the doping 

process <s ureversible. However, when low-mass implants are used (such as hydrogen and hchum), a thermal 
anneal subsequent to the ion uimlamation can repair any Oamagr m the crystal and at the same nme dissociate 
me low-mass dopants from the siicon crystal The crystal is returned to its anginal elecmcal/damagc-frec 
condition, after the escape of the low-mass dopants, {a pre-measurcmcro may be necessary prior to the damage 
20 unplanl to assure accuracy ) 

If reusability and measurement of low dose is the highest priority, silicon or argon ions may be uScdas 
toe Test specie*. Implanted silicon or argon ions, hie other ions, can c*use measurable damage to the surface of 
the wafer. A tbermawave tool may then be used to determine the cahbrarion state of we ion implanter by 
measuring that damage, a subsequent thermal anneal can repair the damage to the surface by perfecdy 
25 mcorporaung the silicon m me lattice structure or in the c a >c of argon causing it to escape into ine atmosphere 

The crystal is then returned to its original aiate for multiple reuses of the wafer. 

Broadly speaking, the present invention contemplates a tncihod for caUbranng an ion implanter A 
reusable test ^miconuVw wafer is provided The ion irnpiantcr is supplied wuh a test species that is 
dissimilar to a species used by the unplanter to impUm a product semiconductor wafer. The test specie* is theq 
implan te d mto the test wafer, A dose of the test species is measured with a metrology tool using a one-step 
process. The calibration state of the ion impianter is determined by comparing the dose of the impkut with a 
previously recorded dose. 

The senuconductor wafer preferably comprises singlc-crystalltfie silicon. The test species may 
comprise an ion with atomic weight less than ar*roxnnatery 10. In an alternative embodiment, the test spec« 
35 may comprise silicon or argon ions Typical species used by toe ion unplanter to implant a product wafer 

hirlude boron, phosphorus, or arsenic 

The unplanianou of the test species may be reformed at a low, medium, or hi£b energies. The 
iirroiantaiion of the test species causes measurable wafer surface damage for low, rnedhm and high energies 
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The dose of the tes* species may be measured with 9 we-step mermawavc mexhod The one-step Tfcerraawave 
method comprises fust duccqrjg an argon pump laser at a first pomi on a surface of the wafer to generate a 
thermal and an electron-hole plasma wave. The change in rcflccuvuy of the surface induced by the argon pump 
laser is then measured at a second point on the surface using a HeNe probe laser. The second point is a spaced 
5 distance from the first point- The surface damage is determined using the changes m the reflectivity of the 

surface 

There are low mass urns that can be used to check the calibration of high-dose implanrers and medium 
mass ions that can check the calibration of low to medium mass ions that can check the calibration ofioww 
medium-dose irapiaotcrs. In either case, rhc waters can be post-annealed and rc-uaed. 



10 



BJUEf DESCmmON OF THE DRAWINGS 



Other objects and advantages of the invention will become apparent upon reading thr following 
detailed description and upon reference to the accompanying drawings in which. 

15 

Fig. I is a schematic of an ion rmpiantcr. 3 device used to introduce high-energy, charged dopant 10ns 
into a wafer topography, 

Fig. 2a shows an expanded view of a ponton of an upper surface of a semiconductor substrate 
showing typical damage to the upper surface caused by an ion implant; 
20 fig. 2b shows a cros**cc«ona| view of 3 semiconductor substrate of an upper surface of a 

semiconductor substrate showing typical damage to the upper surface caused by an jou imptanu 

Fig 3a shows an expanded view of a ponton of an upper surface of a semiconductor substrate 
showing damage to the upper surface caused by a high-energy ion implant; 

Fig. 3b shows a cros^sccuonal view of a semiconductor substrate of an upper surface of a 
25 semiconductor substrate showing damage 10 the upper surface caused by a high-energy ton implant; 

Fig. 4 Shows a flowchart describing the method for calibrating an ton implanter using teusable test 

wafers; 

Fig. 5a shows an expanded view of a portion of an uppex surface of a semiconductor substrate 
showing damage to the upper surfecc caused by a mgh-cucrgy, low-mass ion irnplanr 
30 Fig. 5b shows a cross-secrional view of a semiconductor subsrratc of an upper surface of a 

semiconductor substrate showing damage to the upper surface caused by a high-energy, low-mass ion implant: 

fig. 6 shows a CTOSS-secoonal, expanded view of a portion of the upper surface of a semiconductor 
substrate showing escape of low-mass dopants from the upper surface caused by a thermal anneal; and 

35 

Fig. 7 shows a cross-sectional, expanded view of a pomon of the upper surface of a semiconductor 
substrate showing repair to the upper surface with a thermal anneal alter an ion onplanrapcm with silicon ions 

While the invention is susceptible to various modifications and altcrnanve forms, specific 
embodiments thereof arcs shown by way of example m the drawings and will herein be desenbed in derail It 

5 
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should be understood, ho we ver, thai the drawings and detailed description thereto are not intended to Uirut the 
mvennon to ths parncular form disclose a, buz on the contrary, foe intention is to cover ali rnodincaaons, 
equivalents rod alicrridnves filing within the spun and >copc of due present invention as defined by the 
appended claim*. 

5 

DETAILED DESCRIPTION Of THE PK£ggH*£D EMBODIMENTS 



Turning now to the figures, Fig. 4 shows a flowchart describing die method for calibrating an ion 
implanter using reusable rest wafers. Referring to Step 1 of the flowchart of Fig. 4, a semiconductor wafer is 

10 first provided. The semiconductor wafer preferably comprises an epitaxial layer of wnglc-crystallme silicon 

The performance of ion irnplanters is typically monitored with Test wafers. Test wafers arc periodically 
implanted by the ion implanter to ensure that the ion implanter is correctly calibrated. 

Referring now 10 Step 2 of the flowchart of F*g. 4, an ion implanter is supplied with a test Species 
which is dissimilar 10 a product Species. The test implants cao he performed on me rest wafers with species 

15 other man the species used &r the implantation of product wafers. Dopants used for the implantation of product 

wafers may be boron tor p-type doping and phosphorus and arsenic for n-rype doping In a preferred 
embodiment, species with a very small ionic mass may be used when implanting lest wafers in place of the 
species used for implanting product wafers Since test wafers arc only used to determine the proper operation of 
ion irnpianters and not for the manufacturing of devices, different species may be used if the different species 

20 can provide adequate inforrnanon for the cahOranou of the ion implanter. Examples of such species are 

hydrogen and helium. In an alternative cmbootmeni, silicon ions may be used for the eaiiDranoa of an ion 
implanter. Similarly, silicon can cause measurable surface damage that can be measured by the appropriate 
metrology tool Damage caused by the silicon can be easily repaired by annealing the silicon 

Referring now to Step 3 of the flowchart of Fig- 4, the alternative test species arc implanted uito the 

25 semiconductor wafer. Low-mass test species do not transfer as much of their energy to ihe wafer as heavier 

ions. As a revolt, high energy ton rmpiantations with low-mass ions do not repair wafer surface damage to the 
same degree as ion tmpianiatwn* performed with heavier ions Turning now to Figs. 5a and Sb. damage to the 
surface of a wafer caused by high-energy, low-mass ions is shown. Wafer 60 is implanted with low-mass, high- 
energy ions 62 The implanted ions create doped area 64 which is proximal to the upper surfece of die wafer 

30 snrftce Significant damage to the upper surface of the wafer can be seen from expanded vjew 66 of a portion 

of the upper surface of the wafer The silicon atoms are represented by circles (0) while the high-energy, low- 
mass implanted ions are represented by small solid dots (>. 

Referring now to Step 4 of the flowchart of Ftg. 4, a dose of the implanted species is measured by 
detecting surface damage using the appropriate metrology tool When sufficient damage to the wafer surface 

35 exists, a thermawave tool may be used to detect the damage to the surface of the wafer. Informanoo about the 

performance of the ion unpianier may then be obtained by examining the readings of the thexmawave. When 
high-energy, high-mass 10ns arc used to implant the test wafers, most of the damage to the silicon is repaired by 
the transfer of energy to wafer. Having sufficient surface damage due to the implant and being able to use the 
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xhennaw4vc tool eliminates the two-step method of annealing The wafer and (hen measuring the sheet resistance 
along the surface of the wafer to obtain infoimanon. about the impianL 

Referring now to Step 5 of the flowchart of Fig. 4, a measured dose of the implanted species »s 
compared with a previously recotded dose to detennine pic calibration state of the ion implanter. Consistency 
5 between test ion tznpiantaooAS with the low mass ions may be used to provide infonuanon about the proper 

Operation of the ion unplanier The amount of energy acquired by ihc ions from the acceleration potential of the 
ion implanter is independent of the mutx of the ions. The energy of the ions only depends on the ionic charge 
and the applied acceleration potential Therefore, we expect the low mass ions to acquire the same amount of 
energy as the higher mass ions for the same settings of the ion implanter. 

10 Refemng now to Step 6 of the flowchart of Fig. 4, the semiconductor wafer i* annealed to repair 

damage caused by the ion implanter Typically, the test wafers arc discarded after each test run since ihc doping 
process is irreversible. However, when low-mass implants are used (such as hydrogen and helium), a ibermal 
anneal subsequent to the ion implantation can repair any damage to the crystal structure and. at the same rune 
dissociate the low-maw dopanrs from the silicon atoms. This ena&J&s the wafers to be reused mulnple rimes 

3 5 which provides considerable savings Turning now io Fig. 6, expanded view 70 of the upper surface of silicon 

wafer 72 is snown. The upper surface of silicon wafer 72 has been implanted with low-mass tons 74 Thermal 
anneal 74 is then applied to w*rfcr 72 that causes low-muss ions 74 to dissociate from ihc silicon atoms (shown 
here by the circles w o T *> and then escape from the crystal: The test water may now be reused for subsequent 
rcsrrog of the ion imp lamer 

20 Turning now to Fig. 7, an alternative embodiment of the invennon is shown where silicon ions may be 

used as the test species of the ion impianrer. Similarly to other species, uwi unplaiiiatioo with silicon ions causes 
sufficient damage to rne surface of toe wafer The damage may then be detected with a theimawave tool to 
determine information about the performance of the ion implanter. Expanded view SO of the upper surface of 
siheon wafer 82 is shown The upper surface of silicon wafer has been implanted with silicon ions Thermal 

25 anneal 34 is then applied to the wafer to totally repair rhc crystal structure 

It will be appreciated to those skilled in the an havmg the benefu of this disclosure that this uivemion 
is believed to be capable of compensating tor spatial variations in electrical, physical and chemical properties 
of semiconductor wafers Furthermore, it is also to be understood that we form of the invennon shown and 
described is w be taken as exemplary, presently preferred embodiments V arious modifications and changes 

30 may be made without departing from the spun and scope of the invention as set forth in the claims. It is 

intended that the following cfcums be interpreted to embrace ail such modulcanons and changes. 
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WHAT IS CLAIMED IS: 

1 . A method for calibrating an ion impianter by comparing a measured dusc with a previously recorded 
dose, said method con^nsiiig: 

providing a reusable resi sermconductor wafer; 

5 supplying said ion impjaiiter wuu a test specks, whereat said test species is dissmnJar io a product 

species used by ^iid »on impianter to implant a product semiconductor wafer; 

un pianTin g satfi test species mto said test wafer, wherein machine settings of said ion raiplanicr are the 
same as machine settings of ton iroplanier in a previous test run; 

JO 

measuring said measured dose of said test species with a metrology tool; 

comparing said dose of said implant with said previously recorded dose to determine a calibration state 
of said impianter. and 

15 

t&nneaiing said semiconductor wafer id repair damage caused by said ion impianter. 

2. The method as recited « claim I , wherein said semiconductor wafer comprises an epitaxial layer of 
srngle-crystalliitc silicon. 

20 

3. TV method as recited in claim J , wherein said test species is selected from the group consisting of 
hydrogen, helium, and silicon. 

4. The method as recited m claim 1, wherein saui species used Oy said impianter to implant sa*d product 
25 semiconductor wafer comprises boron, phosphorus, or arsenic. 



5. The method as tecited m churn 1. wherein said step of unplannng said test species comprise* 
mmUnting said species at high energies above approximately 100 keV 

6. The method as recited in claim I , wherein said test specie* are chosen from the group consisting of 
helium and hydrogen. 



7 The method as rewtec in claim 1 . wherein said step of implannng said test species comprises causing 
measurable wafer surface damage for said high energies. 

35 

8 The method as recited m claim i, wherein said high energies are energies above approximately 100 
XcV. 

8 
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9. The method as reared in claim I , wherein iht susp of measuring a dose of said te&t species comprises 
using a one-srep taerrnawave method 

1 0 The method as recited m claim 9, wbcrem the step of using a one-step ihermawave meihod comprises - 

5 

directing an argon pump laser at a firsi point on a surface of said wafer to generaie a iherraal wave and 
an efcemcm-Mc plasma wave; 

measunng the change in a reflectivity of said surface induced by said argon pump laser at a second 
10 poini on said surface using a HeKe probe laser, wherein said second point is a spaced distance 

from said fust po*nt, and 

deiermmine * damage of 5i«a surface usmg changes in said reflectivity of said surface. 

15 U a meihod for calibrating an ion imp lamer py comparing a measured dose w nh a previously recorded 

dose, satd method comprising: 

providing a reusable icai semiconductor wafer, wherein ^aid semiconductor wafer comprises an 
epitaxial layer of single-crystalline silicon, 

20 

supplying said ion implanter with a rest species, wherein said test species is dissimilar to a product 

species used by said ion implanter lo onplanr a product semiconnuctor wafer and wherein said 
test species is selected from The group consisting of hydrogen, helium, and silicon; 

2S implanting said specie inxo said rest w*fer. "herein machine settings of said ion implanter are the 

same as machine settings of ion impiantcr in a previous ics\ run. 

measunng said measured dose of said test species with a iherraawave tool, wherein said therrnawave 
tool measures damage to a surface of said semiconductor wafer. 



30 



35 



comparing said dose vf *aid implant with sa»d previously recorded nose io detennine a calibration state 
of said implanter; and 

arraeaimg said semiconductor wafer to repair surface damage caused by said ion implanter. 

12. The meihod as recited in claim 1 1, wherein said species used by said implanter to implant said product 
semiconductor wafer comprises boron, phosphorus, or arsenic 
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13 The method as recited in cfeura 1 1, whettm said step of unplannng said test species comprised 
unplannng said species al high energies above approximately 1 00 keV. 

14. The method as recited m claim 1 J , wherein said step of iraplaaring said test species comprises causing 
5 measurable wafer surface damage for said high energies. 

15. The method as recited; in claim 1 1 , where m the *wp of measuring a dose of smd icsi species comprises 
using a one-step jherrnawave memod. 

10 16 The method as recited in claim 15, whercm the step of using a one-step rhermawave method 

comprises: 

directing an argon pump laser at a first point on a surface of said wafer to generate a thermal wave and 
an electron-bole plasma wave: 

15 

measuring the change in a rcflccnviry of said surface induced by said argon pump ] a?rr at a second 

point on said surface using a JieNc probe laser, wherein said second point is a spaced distance 
from said fir*t point; and 

20 dcier rnmm g a damage of said surface using changes ui said reflectivity of said surface. 



25 



30 



10 

SUBSTITUTE SHEET (RULE 26) 



PAGE 36182* RCVD AT 9/16/2004 5:36:52 PM [Eastern Daylight Tine] k SVR:USPTO€FXRF-3/24 * DMS:2ft 1882 1 C8ID: * DURATION (rvbs):2M4 



09-16-04 05:50pm From- 



T-513 P. 37/82 F-294 




SUBSTITUTE SHEET (RULE 28) 

PAGE 37/82 * RCVD AT 9/16/20M 5:36:52 PM [Eastern Daylight Time] * SVR:USPTO€FXRF-3/24 * DNIS:2731882 * CSID: * DURATION (mm«s):2W4 



09-16-04 05:51pm From- T-513 P. 38/82 F- 

WO 99/08307 PCT/US98/06888 

2/6 




FIG.2A 
(PRIOR ART) 
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FIG. 2B 
(PRIOR ART) 
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FIG. 3A 
(PRIOR ART) 



FIG. 3B 
(PRIOR ART) 
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FIG. 6 
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